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(54) Optical recording medium and method 

(57) An optical recording medium, which is suitable 
for multi-level recording forming a recording mark at 
multiple stages, is obtained. An optical recording medi- 
um, which is constructed in a manner that a recording 
mark is formed on the recording layer by irradiating a 
laser beam so as to record information, the recording 
layer being continuously formed in a relative moving di- 
rection to the laser beam with plural virtual recording 
cells, each of which has an arbitrary unit length and a 
unit width perpendicular to the unit length in the relative 



moving direction, plural-stage irradiation times being set 
with respect to the virtual recording cell so that the irra- 
diation time becomes long successively from the first to 
final stages, a laser beam power being set in at least 
one irradiation time of the plural-stage irradiation times 
so as to intermittently become larger than a predeter- 
mined threshold value when the laser beam is irradiated 
to the virtual recording cell, and recording marks being 
formed in the virtual recording cell and giving plural- 
stages different optical reflectance to the virtual record- 
ing cell. 



FIG.1 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an optical re- 
cording medium and method, which record information 
by irradiating a laser beam to a recording layer so as to 
form a recording mark, and in particular, to a technology 
of forming a plurality of recording marks having different 
state so as to record a data at a multi-level. 

2. Description of the Related Art 



[0002] In a conventional optical recording medium, a 
method has been employed such that a data is recorded 
by changing a length of read signal (i.e., a length of re- 
flection signal modulation section). On the contrary, the 
following method has been frequently studied, more 
specifically, a plurality of data is recorded to each signal 
having the same length by changing a depth of the read 
signal (i.e., a modulation degree of reflection signal) at 
multiple stages. 

[0003] According to the above optical recording meth- 
od, as compared with the case where a binary data is 
merely recorded by the presence of pit, a plurality of data 
is recorded in a depth direction , so that a signal quantity 
allocated to a constant length can be increased; there- 
fore, it is possible to improve a track recording density. 
In general, it is well known to change a power of laser 
beam at multiple stages, as the method of a depth of 
read signal at multiple stages. Recently, a recording me- 
dium having a multiple recording layer has been pro- 
posed as the recording medium. 
[0004] In this case, it is called as multi-level recording 
to record each data so that a modulation degree of re- 
flection signal is variable at multiple stages. 
[0005] In the above multi-level recording, a laser 
beam is irradiatedatmulti pie-stage power inrecording; 
for this reason, in particular, when the power of laser 
beam gradually becomes large, a probiemhas arisen 
such that a signal quality is worsened in reading. 
[0006] In particular, in order to achieve a high density 
of the recording information of recording medium, in the 
case where multi-level recording is carried out in a man- 
ner of making small a recording mark, and changing a 
laser power at multiple stages, a signal quality has re- 
markably worsened in the recording mark recorded by 
large laser power. 

[0007] In general, a diameter of the collected beam is 
expressed as KX/NA (K: constant, X: laser wavelength, 
NA: numerical aperture of lens. For example, in a pickup 
used for a CD, the laser wavelength X is 780 nm, the 
numerical aperture NA is 0.50, and the diameter of col- 
lected beam is about 0.8 ujti. Thus, when the recording 
mark length is made small up to the vicinity of about 0.8 
urn the above problem of signal deterioration has re- 



markably arisen. In fact, it is very difficult to achievefive- 
stage or more multi-level recording by the method of 
changing a laser power. 

[0008] Further, likewise, the conventional concept of 
5 achieving the multi-level recording by stepwise chang- 
ing the laser power is based on the following premise 
that the recording mark length is at least larger than a 
radius of focused beam (beam waist) in recording. 
Therefore, there is some limitation to improve a record- 
to ing density unless a size of the focused beam is made 
small. 

[0009] On the contrary, although is unknown when 
this application has been filed, an optical recording 
method has been disclosed in Japanese Patent appli- 
15 cation No. 2000-1 87568 filed by the same applicant as 
this application. More specifically, according to the 
above optical recording method, in place of the power 
of laser beam, an irradiation time to a predetermined vir- 
tual recording cell area is changed at multiple stages. 
20 By doing so, a recording mark (low optical reflectance 
area) having different size is formed in the virtual record- 
ing cell and giving different optical reflectance to the en- 
tire virtual recording cell; therefore, at least five-stage 
multi-level recording is possible. 
25 [0010] The above optical recording method is a con- 
cept quite different from the conventional laser beam ir- 
radiation, and a recording mark may be formed by a 
short-time irradiation. Therefore, the case is sufficiently 
considered such that a recording mark smaller than a 
30 beam spot diameter is formed. In other words, multi- 
stage and high density multi-level recording can be re- 
alized by effectively using an area in which the recording 
mark has been conventionally considered as being in- 
complete. 

35 

SUMMARY OF THE INVENTION 



[0011] The present invention has been made in order 
to further study the above technology. Accordingly, an 
40 object of the present invention is to provide an optical 
recording medium, which can achieve mufti -stage (mul- 
ti-level) and high read-accuracy multi-levelrecordingby 
irradiating a laser beam. 

[0012] The present inventors have earnestly studied 
45 optical recording medium and method; as a result, they 
have confirmed that it is possible to carry out multi-stage 
and stable high density multi-level recording. 

(1) In order to achieve the above object, according 
so to one aspect, the present invention provides an op- 
tical recording medium, including a reflective layer 
and a recording layer, and constructed in a manner 
that a recording mark is formed on the recording lay- 
er by irradiating a laser beam so as to record infor- 
55 mation, 

the recording layer being continuously formed 
in a relative moving direction to the laser beam 
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with plural virtual recording cells, each of which 
has an arbitrary unit length and a unit width per- 
pendicular to the unit length in the relative mov- 
ing direction, 

plural-stage irradiation times being set with re- 5 
spect to the virtual recording cell so that the ir- 
radiation time becomes long successively from 
the first to final stages, 

a laser beam power being set in at least one 
irradiation time of the plural-stage irradiation 10 
times so as to intermittently become larger than 
a predetermined threshold value when the la- 
ser beam is irradiated to the virtual recording 
cell, and 

recording marks being formed in the virtual re- *5 
cording cell, the recording marks giving plural- 
stages different optical reflectance to the virtual 
recording cell. 

recording marks having plural-stages different 
optical reflectance being formed in the virtual 20 
recording cell. 

(2) Further, the present invention provides an opti- 
cal recording medium, including a reflective layer 
and a recording layer, and constructed in a manner 25 
that a recording mark is formed on the recording lay- 
er by irradiating a laser beam so as to record infor- 
mation, 

the recording layer being continuously formed 30 
in a relative moving direction to the laser beam 
with plural virtual recording cells, each of which 
has an arbitrary unit length and a unit width per- 
pendicular to the unit length in the relative mov- 
ing direction, 35 
plural-stage irradiation times being set so that 
the irradiation time becomes long successively 
from the first to final stages, and the laser beam 
being irradiated to the virtual recording cell in 
accordance with the irradiation times so that re- *o 
cording marks being formed in the virtual re- 
cording cell, the recording marks giving plural- 
stages different optical reflectance to the virtual 
recording cell. 

in at least one of the plural-stage irradiation 45 
times, the irradiated laser beam being irradiat- 
ed in a stale that the case where the laser beam 
power is large and the case where it is small 
are alternately continued so that the recording 
mark is formed. 50 

(3) Further, the present invention provides the opti- 
cal recording medium, wherein the power of laser 
beam is controlled in at least final stage irradiation 
time. 55 

(4) Further, the present invention provides the opti- 
cal recording medium, wherein in the case where 
an optical reflectance of non-recording state in the 



recording medium is set as K, the power of laser 
beam is controlled so that the recording mark hav- 
ing an optical reflectance less than 0.6K is formed. 

(5) Further, the present invention provides the opti- 
cal recording medium, wherein the power of laser 
beam is controlled from the midway time point to 
the termination time point in the irradiation time. 

(6) Further, the present invention provides the opti- 
cal recording medium, wherein the midway time 
point is set after the intermediate time point in the 
irradiation time. 

(7) Further, the present invention provides the opti- 
cal recording medium, wherein the irradiation time 
has at least five stages from the first stage to the 
final stage. 

(8) Moreover, in order to achieve the above object, 
according to another aspect, the present invention 
provides an optical recording method, which irradi- 
ates an laser beam to an optical recording medium 
including a reflective layer and a recording layer, 
and forms a recording mark is formed on the record- 
ing layer so as to record information, comprising the 
following stages of: 

continuously forming plural virtual recording 
cells, each of which has an arbitrary unit length 
and a unit width perpendicular to the unit length 
the recording layer being in a relative moving 
direction to the laser beam with in the relative 
moving direction; 

setting plural-stage irradiation times with re- 
spect to the virtual recording cell so that the ir- 
radiation time becomes long successively from 
the first to final stages; 

setting a laser beam power in at least one irra- 
diation time of the plural-stage irradiation times 
so as to intermittently become larger than a pre- 
determined threshold value when the laser 
beam is irradiated to the virtual recording cell; 
and 

forming recording marks being formed in the 
virtual recording cell, the recording marks giv- 
ing plural-stages different optical reflectance to 
the virtual recording cell. 

(9) Further, the present invention provides an opti- 
cal recording method, which irradiates an laser 
beam to an optical recording medium including a 
reflective layer and a recording layer, and forms a 
recording mark is formed on the recording layer so 
as to record information, comprising the following 
stages of: 

continuously formingplural virtual recording 
cells, each of which has an arbitrary unit length 
and a unit width perpendicular to the unit length 
in a relative moving direction to the laser beam, 
in the relative moving direction, with respect to 



BNSDOCID: <EP. 



.1197963A2J_> 



EP1 197 963 A2 



the virtual recording ceil; 
setting plural-stage irradiation times so that the 
irradiation time becomes long successively 
from the first to final stages, and irradiating the 
laser beam to the virtual recording cell in ac- 5 
cordance with the irradiation times so that re- 
cording marks being formed in the virtual re- 
cording cell, the recording marks giving plural- 
stages different optical reflectance to the virtual 
recording cell. 10 
and 

reducing a change speed of optical reflectance 
of the virtual recording cell in the termination 
side of the irradiation time in at least one of the 
plural-stage irradiation times so that the irradi- * 5 
ated laser beam being irradiated in a state that 
the case where the laser beam power is large 
and the case where it is small are alternately 
continued so that the recording mark is formed. 

20 

(10) Further, the present invention provides the op- 
tical recording method, wherein the power of laser 
beam is controlled so as to intermittently become 
larger than a predetermined threshold value in at 
least final stage irradiation time. 25 

(11) Further, the present invention provides the op- 
tical recording method, wherein in the case where 
an optical reflectance of non-recording state in the 
recording medium is set as K, the power of laser 
beam is controlled so as to intermittently become 30 
larger than a predetermined threshold value so that 
the recording mark having an optical reflectance 
less than 0.6K is formed. 

(1 2) Further, the present invention provides the op- 
tical recording method, wherein the power of laser 35 
beam is controlled so as to intermittently become 
larger than a predetermined threshold value from 
the midway time point to the termination time point 

in the irradiation time. 

(1 3) Further, the present invention provides the op- *o 
tical recording method, wherein the midway time 
point is set after the intermediate time point in the 
irradiation time. 

(14) Further, the present invention provides the op- 
tical recording method, wherein the irradiation time 
has at least five stages from the first stage to the 
final slage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5( 

[0013] 

Fig. 1 is a diagram to schematically explain a rela- 
tion between a power of laser beam and an optical 
reflectance of a virtual recording cell in the present 5 
invention; 

Fig. 2 is a diagrampartially enlarging an effective us- 
able area shown in Fig. 1 ; 



Fig. 3 is a perspective view partly in section showing 
principal parts of an optical recording medium to 
which an optical recording method according to one 
embodiment of the present invention is applied; 
Fig. 4 is a block diagram showing an optical record- 
ing apparatus for recording information using a la- 
ser beam in order to record a data to the optical re- 
cording medium; 

Fig. 5 is a schematic view showing a relation be- 
tween a recording mark, the virtual recording cell 
and an optical reflectance of the virtual recording 
cell in the case of forming the recording mark on a 
recording layer by the above optical recording ap- 
paratus; 

Fig. 6 is a view schematically showing a multi-pulse 
of laser beam in the optical recording apparatus; 
Fig. 7 is a time chart showing a power of laser beam 
set in each stage irradiation time; 
Fig. 8 is a diagram schematically showing a relation 
between an optical reflectance of virtual recording 
celll including recording mark formed by the optical 
recording method and an irradiation time; and 
Fig. 9 is a perspective view schematically showing 
the case where the laser beam irradiated to the vir- 
tual recording cell has another shape. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] First, a description on the principle of the 
present invention is followed. 

[0015] Fig. 1 shows a relation between a reduction 
state (shown by the solid line O) of optical reflectance 
of a virtual recording cell (including a recording mark) 
and a time. In this case, the recording mark is formed in 
the virtual recording cell when a laser beam is irradiated 
to the virtual recording cell at a constant power (time 
average is constant) over the maximum irradiation time 
T (maximum time usable for recording each virtual re- 
cording cell: this is called as allowable irradiation time). 
[0016] As shown by the solid line O in Fig. 1 , in the 
case where a laser beam is irradiated under the condi- 
tion that the stage power is constant, an optical reflect- 
ance is not almost reduced in the initial time area A. 
Then, the optical reflectance is gradually reduced in an 
intermediate time area B, and further, its reduction 
speed increases as time elapses. In a termination time 
area C, the reduction speed increased in the intermedi- 
ate time area gradually decreases, and then, the optical 
reflectance converges onto the lower limit value. 
[0017] The irradiation time of laser beam is preset at 
multiple stages, and then, the laser beam is irradiated 
to the virtual recording cell so as to form a recording 
mark having different size, then to give diffrent optical 
reflectance to the virtual recording cell; in this case, the 
more the number of stages of the irradiation time is, the 
more a recording density can be improved. However, in 
the case where the maximum irradiation time (i.e., al- 
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lowable irradiation time) T usable for one virtual record- 
ing cell is constant, when the irradiation time is preset 
at multiple stages within a range of the allowable irradi- 
ation time, a "difference" between irradiation time be- 
comes small. For this reason, it is difficult to accurately 
make the "difference" in the optical reflectance. If the 
difference of optical reflectance is too small, it is impos- 
sible to identify each virtual recording cell including re- 
cording mark in reading. 

[0018] Considering the above problem, in order to im- 
prove a read accuracy, the "difference" of optical reflect- 
ance must be securely made; therefore, it is desirable 
to obtain a large change of optical reflectance by a slight 
change of irradiation time. For example, in the case of 
the recording layer having a characteristic as shown by 
the solid line O, a preferable area actually usable for 
multi-level recording Is an effective usable area U from 
the Intermediate time area Bto the termination time area 
C where the optical reflectance is securely reduced. 
Thus, the irradiation time is preset at multiple stages in 
an effective time stage range V corresponding to the 
above area U. By doing so, five (5) stages ormoremulti- 
ievel recording can be actually realized. 
[0019] However, the present inventors have found 
that the effective usable area U is not still sufficiently 
and effectively used. 

[0020] As enlarged in Fig. 2, the following matter can 
be seen. More specifically, in a first half range X of the 
effective usable area U, the optical reflectance is re- 
duced relatively gentle; however, in a second half range 
Y of the area U, the optical reflectance is rapidly reduced 
because heat accumulation increases in the virtual re- 
cording cell. Thus, even if a laser beam irradiation is 
completed in the second half range Y, a reduction speed 
is large; for this reason, it is difficult to accurately stage 
a change of the recording layer with a desired optical 
reflectance. Therefore, this is a factor of making large a 
shift (error) of optical reflectance in the virtual recording 
cell including recording marks formed with respect to an 
irradiation time of laser beam. As a result, in the second 
half range Y, an interval, that is, difference between the 
optical reflectance must be preset larger considering the 
above shift (error), and further, there is some limitation 
of achieving multi-stage recording. 
[0021] In order to solve the above problem, the 
present inventors have been interested to control a 
change (reduction) speed of the optical reflectance. 
More specifically, the laser beam is irradiated to the vir- 
tual recording cell so that its stage power intermittently 
exceeds a predetermined threshold value. In this case, 
a control is carried out in a manner that the stage power 
intermittently becomes large than the predetermined 
threshold value, or a large power and a small power are 
alternately continuously used. The above control is 
called as a multi-pulse control. 

[0022] By doing so, according to the intermittent state, 
the heat accumulation of the virtual recording cell is con- 
trolled. Therefore, it is possible to relieve (restrict) a 



change speed of optical reflectance of the virtual record- 
ing cell, and to obtain a change speed of optical reflect- 
ance suitable for forming the recording mark. 
[0023] For example, as shown by the dotted line P in 

5 Fig. 1 and Fig. 2, it is preferable to reduce a change 
speed in the above second half arrange Y in particular. 
This means to restrict an increase of reduction speed cf 
the optical reflectance in the termination time area of 
each irradiation time; therefore, it is possible to securely 

10 stage the reduction speed at a desired optical reflect- 
ance (within a small error range). Thus, the difference 
of optical reflectance between stages is made small, so 
that the number of stages can be further increased. 
[0024] In this case, the reduction speed of optical re- 

15 flectance is different depending upon a kind of used re- 
cording layer (kind of dye, etc) and a shape of grove. 
However, as seen from the above description, when the 
irradiation time is set longer (i.e., in the case of the irra- 
diation time on the final stage side), the change speed 

20 of optical reflectance has a tendency to increase; there- 
fore, it is effective to apply the present invention inclu- 
sive of the final stage. Further, the present invention is 
considerably effective in the case of forming a recording 
mark having an optical reflectance, which is variable 

25 more than 40% of the initial value K (see Fig. 1). 

[0025] Within the stage irradiation time range of each 
stage, a timing of intermittently controlling the stage 
power, the intermittent interval and the like may be prop- 
erly preset. In particular, it is preferable to carry out an 

30 intermittent control in the limited period, that is, from a 
certain midway time point to the termination time point. 
By doing so, the change of optical reflectance is imme- 
diately facilitated by continuous irradiation until the mid- 
way time point from the irradiation start, and thereafter, 

35 the change speed can be gently reduced. Therefore, it 
is possible to set the irradiation time shorter asawhole, 
and set the difference of optical reflectance smaller. 
More preferably, the midway time point is set after the 
intermediate time point (1/2) of each irradiation time. 

40 [0026] The "stage power" used in the present inven- 
tion means an average output per unit time of laser 
beam. 

[0027] Next, one embodiment of the present invention 
will be detailediy described below with reference to Fig. 

45 3 to Fig. 7. 

[0028] In Fig. 3, there is shown an optical recording 
medium (disk) 1 0 to which the optical recording method 
according to the first embodiment of the present inven- 
tion is applied. The optical recording medium 10 is a 

50 CD-R having a recording layer 12 using a dye, and is 
composed of a substrate 1 4 made of transparent base 
material, the above recording layer 12, a gold or silver 
reflection film (layer) 1 8, and a protective layer 20. More 
specifically, the recording layer 12 is formed out of dye 

55 applied so as to cover a laser beam guide groove 16 
formed on one side (upper surface in Fig. 1) of the sub- 
strate 14. The reflection film 18 is formed on the upper 
side of the recording layer 12 by spattering or the like, 
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and the protective layer 20 is formed so as to cover the 
reflection layer 18. 

[0029] The dye used for the recording layer 12 is an 
organic dye including cyanine, mero-cyanine, methine- 
based dye and its derivative, benzenethiol metal com- 
plex, phthalocyanine dye, naphthalocyanine dye, azo 
dye, etc. 

[0030] The optical recording method of the present in- 
vention applied to the optical recording medium 10 is 
carried out by using an optical recording apparatus 30 
as shown in Fig. 4. 

[0031] The optical recording apparatus 30 is a CD-R 
recorder. The optical recording apparatus 30 rotates the 
optical recording medium (disk) 10 by a spindle motor 
32 via a spindle servo 31 underthe condition of constant 
linear velocity, and then, records information onto the 
optical recording medium (disk) 10 by a laser beam ir- 
radiated from a laser 36. 

[0032] In the above laser 36, a multi-pulse control is 
carried out with respect to its laser output. In accordance 
with information to be recorded, a laser beam irradiation 
time to one of virtual recording cells (described later) 40 
shown in Fig. 3 and Fig. 5, and an irradiation power are 
controlled by a laser driver 38. For example, as shown 
in Fig. 6, the multi-pulse interval is controlled by chang- 
ing a continuous time of laser output. Further, the laser 
driver 38 has two power unit systems, and the first power 
unit and the second power unit are changed, and there- 
by, the irradiation is carried out at peak (instantaneous) 
powertwo stage (P1 and P2). As a result, the irradiation 
can be carried out at two-stage power, that is, an actual 
reference power N (actual average output of P1) and a 
low power L (actual average output of P2) smaller than 
the reference power N. In the case of rewritable type 
media such as CD-RW or the like, overwrite must be 
made; for this reason, the laser driver 38 has three pow- 
er unit systems, and three-stage peak power may be 
preset. 

[0033] In Fig. 4, a reference numeral 42 denotes a re- 
cording optical system including an objective lens 42A 
and a half-silvered mirror 42B. The objective lens 42A 
is controlled by a focus tracking servo 44 so that a laser 
beam is collected (focused) onto the recording layer 1 2 
of the disk 1 0. Moreover, the objective lens 42A and the 
half silvered mirror 42B are controlled by a feed servo 
46 so as to move at a predetermined speed from the 
inner peripheral side to the outer peripheral side of the 
disk 10 in synchronous with the rotation of the disk 10. 
[0034] The above-mentioned spindle servo 31 , laser 
driver 38, focus tracking servo 44 and feed servo 46 are 
controlled by a control unit 50. The data (information) to 
be recorded on the recording layer 12 is inputted to the 
control unit 50. 

[0035] Subsequently, the following is a description on 
the virtual recording cell 40 and a recording mark re- 
corded in the virtual recording cell 40. 
[0036] As shown in Fig. 3, plural virtual recording cells 
40 are continuously formed along a rotational direction, 



that is, a circumferential direction S of the disk 10 in the 
groove 16. As shown in Fig. 5, a length H in the circum- 
ferential direction of each virtual recording cell 40 is set 
shorter than a beam diameter (diameter of beam waist) 

5 D. Then, a laser beam is irradiated for each virtual re- 
cording cell 40 (this recording method will be described 
later), and thereby, recording marks 48A to 48G as 
schematically shown in Fig. 4 are formed in accordance 
with information to be recorded. 

10 [0037] In this case, a size (magnitude) of the record- 
ing marks 48A to 48G expresses a degree of reduction 
of optical reflectance in each virtual recording cell 40 
including recording mark. Namely, the larger the record- 
ing marks shown in Fig. 4 are formed, the lower the op- 

15 tical reflectance is. In fact, by a kind of dye used for the 
recording layer 12, the size and optical or the size trans- 
mittance of these recording marks 48A to 48G is varia- 
ble in accordance with a laserbeam irradiation time. The 
optical reflectance in the area of recording marks 48A 

20 to 48G is lowered. Further, if the optical reflectance of 
the virtual recording cell 40 of non-recording state is set 
as K, the first to third stage recording marks 48A to 48C 
is set larger than 0.6K, and the fourth to seventh stage 
recording marks 48D to 48G is set less than 0.6K. 

25 [0038] By doing so, for example, it is possible to form 
seven-stage recording marks 48A to 48G (the reduction 
of optical reflectance is expressed by each size of the 
recording marks) as shown in Fig. 5. Further, in the case 
where a read laser beam is irradiated to the virtual re- 

30 cording cells 40 including the recording marks 48A to 
48G, it is possible to recognize an optical reflectance of 
reflected light at seven stages. 

[0039] In this case, the optical transmittance of the re- 
cording marks 48A to 48G changes. This has the same 
35 meaning such that the material forming the recording 
layer 12 in the recording marks 48A to 48G is decom- 
posed and modified in its quality by the laser beam irra- 
diation, and then, the modified degree (what is called, 
burned degree) is different in each of the recording 
40 marks 48A to 48G. Therefore, the optical reflectance 
changes, and the modified portion (what is called, 
burned portion) is different in the thickness direction, 
and thereby, the optical reflectance changes. 
[0040] Next, the following is a description on an opti- 
cs cal recording method. 

[0041] As already described in the optical recording 
medium 10, the virtual recording cell 40 is continuously 
provided along the relative moving direction S so as to 
have an arbitrary unit length H along the relative moving 
so direction to the laser beam and a unit width W perpen- 
dicular to the length H. In this embodiment, the optical 
recording medium 10 is rotating at a predetermined 
speed (in this case, 4.8 m/s); therefore, a continuous 
predetermined time (in this case, 125 ns) is arbitrarily 
55 preset in the optical recording apparatus 30, and there- 
by, the unit length H (0.6 jam = 4.8 m/s x 125 ns) of the 
virtual recording cell 40 is determined. 
[0042] Incidentally, the unit width W of the virtual re- 
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cording cell 40 is determined as the width of the groove 
1 6; in this case, the width other than above may be de- 
termined. 

[0043] Moreover, as shown in Fig. 7, plural stage irra- 
diation times T1 to T7 (seven' (7) stages in this embod- 5 
iment) are preset with respect to the virtual recording 
cell 40. In this case, the stage of irradiation time includes 
the first stage to the final stage, which successively be- 
come long. 

[0044] A predetermined threshold value D is set be- 
tween the two-stage powers (reference power N and low 
power L) of the laser beam. In the first to third stage 
irradiation times T1 to T3, the power of laser beam is 
set to the reference power N from the irradiation start 
time point to the termination time point. The reference 
power N is larger than the threshold value D; therefore, 
the power exceeds the threshold value D, and then, is 
always constant (N) in the first to third stage irradiation 
limes. 

[0045] On the other hand, in the fourth to seventh 
stage irradiation times T4 to T7 longer than the third 
stage irradiation time T3, the power of laser beam is set 
to the reference power N from the irradiation start time 
point to each of the midway time points Y4 to Y7. The 
midway time points Y4 to Y7 are individually set after 
intermediate time points M4 to M7 in the irradiation times 
T4toT7. 

[0046] Until the termination time point from the mid- 
way time points Y4 to Y7, the low power L and the ref- 
erence power N are controlled so that these powers can 
be alternately changed for each predetermined unit time 
X. Therefore, for each predetermined unit time X, the 
power is alternately changed into the low power L and 
the reference power N; in other words, the power is con- 
trolled so as to intermittently become largerthan the pre- 
determined threshold value D. 

[0047] In this case, the midway time points Y4 to Y7 
are set different from each other in each stages; how- 
ever, of course, they may be set to the same time point 
in the fourth to seventh stages. 

[0048] Then, under the power condition shown in Fig. 
7, the laser beam is irradiated to the virtual recording 
cell 40, and thereby, the virtual recording cell 40 is 
formed with recording marks having seven (7) stage dif- 
ferent optical reflectance. 

[0049] Fig. 8 schematically shows a relation between 
the irradiation limes T4 to T7 (T1 to T3 is not shown) 
and a reduction state of optical reflectance of recording 
marks 48D to 48G formed by the above irradiation times 
in the recording method. 

[0050] In each first half range of the irradiation times 
T4 to T7, the laser beam (exceeding the threshold value 
D) is continuously irradiated as it is the reference power 
N; therefore, the optical reflectance of the recording 
marks 48D to 48G is reduced at a relatively high speed. 
On the other hand, in the secondhalf range, the power 
intermittently exceeds the threshold value D (i.e., the 
power is intermittently less than the threshold value D); 



therefore, an increasing speed of accumulated heat in 
the recording marks 48D to 48G is gradually decreasing, 
so that a reduction speed of the optical reflectance can 
be made small. 

[0051] As a result, the irradiation time T4 to T7 are 
kept relatively short while each reduction speed of opti- 
cal reflectance of the recording marks 48D to 48G being 
gradually restricted; therefore, it is possible to securely 
stage the reduction speed at a desired optical reflect- 
ance, and to improve each read accuracy of the record- 
ing marks 48D to 48G. 

[0052] In Fig. 8, the dotted line V shows the case 
where the laser beam continues to be irradiated as it is 
the reference power N. The longer the irradiation time 
becomes, the more the reduction speed of the optical 
reflectance increases. Even if the laser beam irradiation 
is completed as the stage time, a shift is generated in 
the optical reflectance due to the influence by the accu- 
mulated heat; for this reason, it is difficult to control the 
optical reflectance. 

[0053] According to the present invention, the optical 
recording medium and the optical recording method, it 
is possible to control the optical reflectance with a high 
accuracy even in a relatively long irradiation time (e.g., 
the fourth to seventh stages in this embodiment) which 
has been considered that it is difficult to make multi- 
stage irradiation in the progress of development. There- 
fore, the recordingmarks 48D to 48G canbe formed at 
multiple stages. As a result, it is possible to further in- 
crease the number of stages, and to improve a recording 
density of recording medium. 

[0054] By the way, in this embodiment, the reason 
why the power is intermittently made large is not for con- 
trolling the width of recording mark. In the optical record- 
ing medium, only one recording mark is securely record- 
ed in one virtual recording cell, and the number of stages 
is recognizedby a change of optical reflectance so as to 
achieve multi-level recording. 

[0055] More specifically, like the conventional binary 
recording, under the situation that the "length" of the re- 
cording mark must be identified, there is a need of pre- 
venting a "width (thickness)" of the long recording mark 
from increasing in the second half range. For this rea- 
son, the laser beam has been divided in its pulse and 
irradiated (also, this is one of multi-pulse control). How- 
ever, in this embodiment, considering the optical reflect- 
ance, in order to form the recording mark at multiple 
stages regardless of the length, the power of laser beam 
is intermittently controlled so as to control a reduction 
speed of the optical reflectance. 

[0056] In this embodiment, the power of laser beam 
has been changed into two stages (reference power N 
and low power L) so that a recording power can be 
changed. The power may be changed into three stages 
or more, and the low power L may be set to "zero" (i.e., 
OFF) . Further, the midway time points Y4 to Y7 have 
been set after the intermediate time points M4 to M7. 
The midway time points may be properly set considering 
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the relation with the recording medium. For example, in 
the case of a recording medium having a large change 
speed of optical reflectance, an intermittent control of 
laser beam power may be carried out from the earlier 
time point (including the irradiation time). 
[0057] As described in this embodiment, the optical 
recording medium and the optical recording method are 
adaptable to the case where the recording layer 12 of 
the optical recording medium 10 contains an organic 
dye component. In this case, of course, the present in- 
vention maybe applicable to other recording layers con- 
taining no organic dye component, for example, record- 
ing layers formed of inorganic dye and other materials. 
[0058] The above embodiment has described the 
case where the above optical recording medium 10 is a 
CD-R disk. The optical recording medium of the present 
invention is not limited to the above CD-R disk, and is 
widely applicable to other optical recording medium. In 
addition, the optical recording medium of the present in- 
vention is not limited to the disk-like rotating element. 
[0059] Further, the size of the virtual recording cell 40 
set when forming the recording mark by the optical re- 
cording apparatus 30 is not limited to the above embod- 
iment. In particular, it is preferable that the length of the 
virtual recording cell 40 is set so as to become equal to 
the width of the groove 1 6 so long as the beam waist 
diameter of laser beam is further made small. On the 
other hand, in the case of recording the recording mark 
at multiple stages such as eight stages, the length of the 
virtual recording cell 40 may be set larger than the laser 
beam waist. In this case, part of the recording marks can 
be made into a size more than the beam waist. 
[0060] Moreover, the recording laser beam has a cir- 
cular shape in the recording layer 12. As shown in Fig. 
9, however, this can utilize, for example, a beam shaping 
prism 42C in addition to the objection lens 42A and the 
beam shape may be formed into an elliptic or linear 
shape as shown in Fig. 9, which is short in the feed di- 
rection of the optical recording medium 10, and is long 
in the direction perpendicular to the feed direction. In 
this case, a recording mark 49 becomes short, so that 
the virtual recording cell can be further shortened. In oth- 
er words, it is possible to improve a recording density. 
[0061] Further, the optical recording medium of this 
embodiment may be constructed so as to previously 
have a plurality of pits as shown by a reference numeral 
52 in Fig. 3, which have the number of different reflect- 
ance corresponding to the signal modulation stages of 
the optical recording medium 10. The following specific 
information may be recorded in the plurality of pits 52. 
More specifically, the information includes information 
for individually identifying the optical recording medium 
10, information for identifying whether a recording me- 
dium is an optical recording medium for multi-level re- 
cording, reference average power information of laser 
beam for recording and reading the recording medium, 
intermittent control start timing of the average power, 
etc. The following case is a concept included in the 



scope of the present invention. Namely, specific infor- 
mation is read in the optical recording medium 10 in re- 
cording, and then, according to the recorded informa- 
tion, the laserbeam is irradiated so as to achieve optical 

5 recording. 

[0062] Besides, by the above specific information, it 
is possible to securely identify whether a recording me- 
dium is an optical recording medium for multi-level re- 
cording, and to determine an irradiation time of laser 

10 beam in accordance with the number of stages of pit 
previously recorded. Therefore, multi-level recording 
and reading can be further securely carried out. 
[0063] As shown by a reference numeral 56 in Fig. 3, 
the laser beam guide groove is provided with a groove 

is partition, which partially partitions the groove, and there- 
by, the same effect as above can be obtained. The 
groove partition may be usable solely or may be com- 
bined. 

[0064] As is evident from the above description, ac- 
20 cording to the present invention, in a newly multi-level 
optical recording method, it is possible to form record- 
ingmarks atmultiple stages, and to greatly improve an 
information recording density. 

25 

Claims 

1. An optical recording medium, including a reflective 
layer and a recording layer, and constructed in 
30 amannerthat a recording mark is formed on the re- 
cording layer by irradiating a laser beam so as to 
record information, 

the recording layer being continuously formed 
35 in a relative moving direction to the laser beam 

with plural virtual recording cells, each of which 
has an arbitrary unit length and a unit width per- 
pendicularto the unit length in the relative mov- 
ing direction, 

40 plural-stage irradiation times being set with re- 

spect to the virtual recording cell so that the ir- 
radiation time becomes long successively from 
the first to final stages, 

a laser beam power being set in at least one 
45 irradiation time of the plural-stage irradiation 

times so as to intermittently become largerthan 
a predetermined threshold value when the la- 
ser beam is irradiated to the virtual recording 
cell, and 

so recordingmarks being formed in the virtual re- 

cording celt, the recording marks giving plural- 
stages different optical reflectance to the virtual 
recording cell. 

55 2. The optical recording medium according to claim 1 , 
wherein, the power of laser beam is controlled in at 
least final stage irradiation time. 
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3. The optical recording medium according to any one 
of claims 1 , wherein in the case where an optical 
reflectance of non-recording state in the recording 
medium is set as K, the power of laser beam is con- 
trolled so that the recording mark having an optical 
reflectance less than 0.6K is formed. 

4. The optical recording medium according to any one 
of claims 1 to 4, wherein the power of laser beam 
is controlled from the midway time point to the ter- 
mination time point in the irradiation time. 

5. The optical recording medium according to claim 4, 
wherein the midway time point is set after the inter- 
mediate time point in the irradiation time. 

6. The optical recording medium according to claim 1 , 
wherein the irradiation time has at least five stages 
from the first stage to the final stage. 

7. An optical recording medium, including a reflective 
layer and a recording layer, and constructed in 
amanner that a recording mark is formed on the re- 
cording layer by irradiating a laser beam so as to 
record information, 

the recording layer being continuously formed 
in a relative moving direction to the laser beam 
with plural virtual recording cells, each of which 
has an arbitrary unit length and a unit width per- 
pendicular to the unit length in the relative mov- 
ing direction, 

plural-stage irradiation times being so that the 
irradiation time becomes long successively 
from the first to final stages, and the laser beam 
being irradiated to the virtual recording cell in 
accordance with the irradiation times so that 
recordingmarks being formed in the virtual re- 
cording cell, the recording marks giving plural- 
stages different optical reflectance to the virtual 
recording cell and 

in at least one of the plural-stage irradiation 
times, the irradiated laser beam being irradiat- 
ed in a state that the case where the laser beam 
power is large and the case where it is small 
are alternately continued so that the recording 
mark is formed. 

8. The optical recording medium according to claim 7, 
wherein, the power of laser beam is controlled in at 
least final step irradiation time. 

9. The optical recording medium according to claim 7, 
wherein in the case where an optical reflectance of 
non-recording state in the recording medium is set 
as K, the power of laser beam is controlled so that 
the recording mark having an optical reflectance 
less than 0.6K is formed. 



10. The optical recording medium according to claim 7, 
wherein the power of laser beam is controlled from 
the midway time point to the termination time point 
in the irradiation time. 

5 

11. The optical recording medium according to claim 
10, wherein the midway time point is set after the 
intermediate time point in the irradiation time. 

10 12. The optical recording medium according to claim 7, 
wherein the irradiation time has at least five steps 
from the first step to the final step. 

13. An optical recording method, which irradiates an la- 
is ser beam to an optical recording medium including 

a reflective layer and a recording layer, and forms 
a recording mark is formed on the recording layer 
so as to record information, comprising the follow- 
ing stages of: 

20 

continuously formingplural virtual recording 
cells, each of which has an arbitrary unit length 
and a unit width perpendicular to the unit length 
tho recording layer being in a relative moving 
25 direction to the laser beam with in the relative 

moving direction; 

setting plural-stage irradiation times with re- 
spect to the virtual recording cell so that the ir- 
radiation time becomes long successively from 

30 the first to final stages; 

setting a laser beam power in at least one irra- 
diation time of the plural-stage irradiation times 
so as to intermittently become larger than a pre- 
determined threshold value when the laser 

35 beam is irradiated to the virtual recording cell; 

and 

forming recording marks being formed in the 
virtual recording cell, the recording marks giv- 
ing plural-stages different optical reflectance to 
^o the virtual recording cell. 

14. The optical recording method according to claim 13, 
wherein the power of laser beam is controlled so as 
to intermittently become larger than a predeter- 

45 mined threshold value in at least final stage irradi- 
ation time. 

15. The optical recording method according to claim 1 3 , 
wherein in the case where an optical reflectance of 

so non-recording state in the recording medium is set 

as K, the power of laser beam is controlled so as to 
intermittently become larger than a predetermined 
threshold value so that the recording mark having 
an optical reflectance less than 0.6K is formed. 

55 

16. The optical recording method according to claim 13, 
wherein the power of laser beam is controlled so as 
to intermittently become larger than a predeter- 
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mined threshold value from the midway time point 
to the termination time point in the irradiation time. 

1 7. The optical recording method according to claim 1 6, 
wherein the midway time point is set after the inter- 
mediate time point in the irradiation time. 

18. The optical recording method according to claim 13, 
wherein the irradiation time has at least five stages 
from the first stage to the final stage. 

19. An optical recording method, which irradiates an la- 
ser beam to an optical recording medium including 
a reflective layer and a recording layer, and forms 
a recording mark is formed on the recording layer 
so as to record information, comprising the follow- 
ing stages of: 

continuously forming plural virtual recording 
cells, each of which has an arbitrary unit length 
and a unit width perpendicular to the unit length 
in a relative moving direction to the laser beam, 
in the relative moving direction, with respect to 
the virtual recording cell; 
setting plural-stage irradiation times so that the 
irradiation time becomes long successively 
from the first to final stages, and irradiating the 
laser beam to the virtual recording cell in ac- 
cordance with the irradiation times so that 
forming recording marks being formed in the 
virtual recording cell, the recording marks giv- 
ing plural-stages different optical reflectance to 
the virtual recording cell, and 
reducing a change speed of optical reflectance 
of the virtual recording cell in the termination 
side of the irradiation time in at least one of the 
plural-stage irradiation times so that the irradi- 
ated laser beam being irradiated in a state that 
the case where the laser beam power is large 
and the case where it is small are alternately 
continued so that the recording mark is formed. 

20. The optical recording method according to claim 19, 
wherein the power of laser beam is controlled so as 
to intermittently become larger than a predeter- 
mined threshold value in at least final stage irradi- 
ation time. 

21 . The optical recording method according to claim 1 9, 
wherein in the case where an optical reflectance of 
non-recording state in the recording medium is set 
as K, the power of laser beam is controlled so as to 
intermittently become larger than a predetermined 
threshold value so that the recording mark having 
an optical reflectance less than 0.6K is formed. 

22. The optical recording method according to claim 1 9, 
wherein the power of laser beam is controlled so as 



to intermittently become larger than a predeter- 
mined threshold value from the midway time point 
to the termination time point in the irradiation time. 

5 23. The optical recording method according to claim 22, 
wherein the midway time point is set after the inter- 
mediate time point in the irradiation time. 

24. The optical recording method according to claim 19, 
10 wherein the irradiation time has at least five stages 
from the first stage to the final stage. 
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